I. INTRODUCTION
CENTLY, centimeter-wave (cm-wave)/millimeter-wave (mm-wave) technologies have become very promising candidates for the fifth generation (5G) cellular communication systems [1] - [2] . In these systems, beam steerable arrays with high gain have to be applied at both base stations and user terminals in order to overcome the path loss. A phased array with hybrid analog phase shifters and digital beamforming is one popular way to realize the beam-steerable array [3] - [4] , which is very suitable for base stations. At base stations, there is lots of space to implement large phased arrays with high gain, narrow beam, low sidelobe, wide scan angle and so on. The power supply at base stations also allows the usage of a large number of phased array elements with phase shifters, which are lossy at cm-/mm-wave frequencies. Although digital beamformers are expensive currently, they can still be applied to base stations.
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However, in mobile terminals, there is very limited space left for 5G arrays after accommodating 2G, 3G and 4G antenna systems. The only power supply in a cellphone is a small battery. Beam-steerable arrays in mobile terminals can also be many other types of arrays besides phased arrays. Due to the mobility of terminal users, there are some new challenges and requirements on the array designs: firstly, the user blockage [5] - [6] (e.g. by hands, body and so on) at cm-/mm-wave frequencies is severe. Different holding gesture may block the scanned beam of an array. As one solution, the arrays have to be designed to be very compact, so that many small arrays can be implemented around a phone to overcome the user blockage. Secondly, the small array should be able to realize beam steering with high gain. Generally, the gain is proportional to the aperture of an antenna. It is challenging to design small arrays with high gain. Moreover, since the orientation of a phone is random, the array should also own large scan angle/coverage to catch the strongest clusters in channel. Finally, as mentioned above, the loss of a conventional phased array with phase shifters in cm-/mm-wave bands is still high currently. Amplifiers can compensate the loss. However, the loss will also lead to the temperature increases. How to decrease the cumulated temperature is still an issue for mobile handsets. Furthermore, in a handset there will be more than one 5G beam steerable arrays. Applying amplifiers to compensate the high loss of all the arrays with phase shifters will shorten the battery life. It is highly preferred if the mobile terminal arrays can scan the beam in a low-cost (or low-loss) way. Therefore, 5G beam-steerable antenna arrays in mobile terminals should have a compact size, the ability of beam steering with high gain, large beam-steering angle/coverage in space, and low cost for beam-steering control.
In recent years, some works have been carried out to design beam-steerable arrays for mobile devices at cm-/mm-wave frequencies. Different phased arrays have been proposed in [7] - [9] . To evaluate the coverage performance of a phased array, the metric of coverage efficiency has been introduced in [10] . A 3D-scan phased array has been designed in [11] in order to enlarge the coverage efficiency, but the array is not planar. To ease the fabrication and keep the 3D-scan property, in [12] a planar 3D-scan phased array has been reported. However, the arrays in [7] - [12] are still the phased arrays with phase shifters. Beamforming networks (e.g., Butler matrix [13] ) or lenses (e.g., Rotman [15] - [16] ) can be utilized to achieve multi-beams by switching among different feeding ports. And switches are required in these methods. However, the beamforming This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. [16] - [17] . The beam steering is realized by switching the antenna elements pointing in different directions. However, placing some beam steerable arrays around a phone is different from allocating directional antenna elements around a handset. The former one can combat user's blockage, but the latter one cannot. Arrays with parasitic elements (ESPAR, Electronically steerable passive array radiator) have been widely studied [18] - [20] . By loading different reactive impedance on parasitic elements, the array can scan the beam to different directions with only one active element. However, the previous works in [18] - [20] were designed for sub 6 GHz instead of high frequencies and not for mobile terminals either. The insertion loss of commercialized low-loss inductors and capacitors are around 0.5-2 dB (or even worse) in cm-/mm-wave bands, and not all the inductance and capacitance values are available in the market. Moreover, due to the limited space in mobile handsets, the ESPAR array with one active element and two passive elements is a very good candidate. However, the gain of this type of array is not high enough for mobile terminals, which is typically suggested to be over 7 dBi.
The objective of this paper is to design a beam-steerable array with a compact size, low-cost beam-steering control, high gain, and large steering angles. A compact beam-steerable antenna array will be proposed for 5G mobile terminals at 28 GHz. The array consists of one active element and two passive parasitic elements. Reactive impedance loaded on parasitic elements is realized by short-circuited or open-circuited transmission lines of different lengths. Two switches will be utilized in this design to realize the beam steering. Ideal switches will be applied to the antenna design. The impacts of switch loss will also be analyzed. The length of the whole array is less than 0.81 wavelength of the central operating frequency of 28.5 GHz. The designed array covers the band of 28-29 GHz. The scan angle is larger than ±90 o . By placing two compact arrays on each long edge of the chassis, 360 o beam steering can be achieved. The surface currents on the metal back cover of a mobile terminal will be utilized to obtain high gain for the small array. The proposed concept will also be applied to planar array designs. Measurements will be carried out to verify the simulations. In practical applications, several small arrays can be implemented around a mobile terminal and on the metal back cover of a full-screen phone.
The novelties of this work are as follows: 1. Propose a low-cost (or low-loss) method to realize the beam steering for a compact 5G mobile terminal array; 2. By efficiently exciting surface currents on the metal back cover of a handset, high gain can be realized at different scan angles by a compact non-planar array (0.81 wavelength long) or a compact planar array (about 1 wavelength long); 3. The proposed arrays can reach the scan angle of larger than ±90 o . The design procedure or the organization of this paper is addressed in the following: in Section II, the mechanism of the proposed method for beam steering will be introduced. As the first example, a compact non-planar beam-steerable antenna array with parasitic elements will be designed for 5G mobile terminals in Section III, where the array configuration, performance and loss will be studied. Section IV will investigate how the performance changes with the dimensions and the location of the array (in Section III). A planar array with parasitic elements will be proposed in Section V as the second example. In Section VI, experiments will be carried out to verify the simulations. Finally, conclusions will be given in Section VII.
II. PROPOSED TECHNIQUE OF BEAM STEERING WITH TWO
PASSIVE PARASITIC ELEMENTS The sketch of the proposed method for beam steering is shown in Fig. 1 . In this method, there are two passive parasitic antenna elements and one active element, which forms a small linear array. In order to make the passive elements efficiently scatter the field, the array element distance is suggested to be less than half wavelength of the central operating frequency. The end of each parasitic element is connected to the input of a switch. And each output of the switch is terminated with a short-circuited or open-circuited transmission line of different lengths. The reactive impedance of the short-circuited or open-circuited transmission line is calculated by (1) and (2), respectively:
where Z o is the characteristic impedance of the transmission line, β is the propagation constant, and L is the length of the transmission line. By controlling the two switches, the reactive impedance loaded on two parasitic elements has many different combinations. In this way, the radiation patterns of the active antenna element can be scattered into different directions.
At cm-/mm-wave frequencies, the short circuit of a transmission line is easier to realize than the open circuit. From our studies, applying open-circuited transmission lines will lead to 0.5 dB higher loss for the whole array system than using the short-circuited. In the following, the short-circuited transmission line will be utilized for the antenna array design. Furthermore, in practical applications, the short-circuited transmission lines, switches and antenna array elements will be integrated together to form the Antenna-in-Package [21] . In this way, the loss can be further reduced and the system will be more reliable as well.
III. COMPACT BEAM-STEERABLE ANTENNA ARRAY WITH PARASITIC ELEMENTS FOR 5G MOBILE TERMINALS
A. Antenna Configuration The geometries of the proposed beam-steerable array with two passive parasitic elements are shown in Fig. 2 . In Fig. 2 (a) , two beam-steerable arrays (i.e., array A and array B) are placed at the center of each long chassis edge. In practice, many such small arrays will be allocated around and on the metal back cover of a handset. The general view of different major parts in one array are shown in Fig. 2 (b) with surface copper, substrate and Polypropylene (PP) dielectric block hidden. Different major parts are marked in Fig. 2 (b) as well to correspond to the description in Fig. 1 . The array consists of three monopoles. One monopole (out of three) is active and fed by substrate integrated waveguide (SIW), which is the only element connected to the RF port. The other two monopoles are passive and connected to the inputs of two switches via microstrip lines. The outputs of each switch are terminated with short-circuited microstrip lines of different lengths. By controlling the two switches, different reactive impedance can be loaded on two passive monopoles. The detailed array configuration is given in Fig. 2 . Each array has three monopoles with the inter-element distance of 3.5 mm. The height of each monopole is 2.5 mm. However, the height can be further decreased by some designs, e.g. capacitive loading (add a small circular metal disc on the end of each monopole). The diameter of the monopoles and the width of the microstrip lines are 0.5 mm. Since the polarization of the monopoles is perpendicular to the chassis, strong surface currents can be excited on the metal back cover to enlarge the gain of the small array. A PP block is applied as a supporting material for monopoles. PP is a very low-cost material which is widely used at sub 6 GHz. The electrical properties of PP from 5 GHz to 67 GHz is measured with the material analyzer of SPEAG DAK-TL, which is given in Fig. 3 . At 28 GHz, the permittivity and loss tangent is 2.27 and 0.0003, respectively. In Fig. 2 (d) , the lengths of 5 short-circuited microstrip lines are L1=2.6 mm, L2=2.3 mm, L3=1.8 mm, L4=1.3 mm, L5=0.7 mm, respectively. By changing Ang1 and Ang2 in Fig. 2 (e) , the two passive monopoles can load different reactive impedance on them. The microstrip line (see Fig. 2 Table I . In addition, an MMPX (coaxial) connector [22] is used to feed the SIW. A small transition is added from MMPX to SIW, as shown in Fig. 2 (d) . This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TAP.2018.2854167, IEEE Transactions on Antennas and Propagation The S parameters of the proposed beam steerable array in different states are given in Fig. 4 . Since the antenna array system is symmetric in yz plane (see Fig. 2 ), only the S parameters of the State A, State B, State C, and State D are given. The impedance bandwidth is from 26.5 to 31 GHz with the specification of -10 dB. There are two or three resonances in different states in Fig. 4 . These resonances are mainly due to the two parasitic elements. The parasitic element will not only help steer the main beam direction, but also enlarge the impedance bandwidth. The reflection coefficients in different states are sufficient to cover the target band of 28-29 GHz. Furthermore, if two small arrays are placed at two long edges of the chassis (see Fig. 2 (a) ), mutual coupling between two arrays is less than -37 dB in all different states.
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The simulated 3D radiation patterns of the proposed beam steerable array in different states at 28.5 GHz are shown in The far field of the proposed beam steerable array is constructed by the far field of the active element and two coupled parasitic elements. Therefore, the array scan angle is related to the element beam width instead of the long chassis edge. The maximum gain of the array is affected by the surface currents [12] on the chassis. The strength of the surface currents is determined by the element perpendicular polarization as well as the size and shape of the whole metal chassis. If the proposed compact array works as a conventional phased array and in the same condition to that in Fig. 2 , it will also have wide scan angle and high gain. Therefore, this is a general way of realizing wide scan angle and high gain with a small array. 
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of outputs. Whether the State B and State F are included will not change the output port number. In addition, the radiation patterns in Fig. 5 and Fig. 6 are from only one array. If another array is put on the other side of the long chassis edge (see Fig.  2(a) ), the scan angle of 0 o -360 o can be achieved. The realized gain of the proposed array at different frequencies is presented in Fig. 7 . The realized gain in State C and D (see Fig. 7 ) is stable over a wide frequency range, while the gain of State A and B varies a little with frequencies. The gain in different states is over 9 dBi and over 7.5 dBi in the band of 28-29 GHz and 27.5-29.5 GHz, respectively. Since the antenna elements applied here are simple monopoles, it is possible to further improve the gain bandwidth of State A and B by designing array elements and array structures in the future work. In addition, please note that the length of one small array is only 8.5 mm, which is less than 0.81 wavelength. As mentioned above, the high gain with such small an array is mainly due to the utilization of surface currents on the metal cover. Since this small array will be implemented on the metal back cover of a full-screen phone, the array beams will not interact too much with the other phone components. The total scan pattern [10] with two arrays on the center of two long chassis edges (i.e., array A and array B in Fig. 2 (a) ) is shown in Fig. 8 (a) (3) where the coverage solid angle of the array beam is calculated by the total scan pattern higher than a certain threshold realized gain; the maximum solid angle is 4π steradians if the whole spatial sphere is chosen. The coverage efficiency of the above-mentioned two arrays is shown in Fig. 9 , where good coverage can be observed. The current distributions on the three monopoles in State D are added in Fig. 10 , in order to better understand how to excite the two side monopoles which are connected to the short-circuited microstrip lines. It can be seen that the active monopole induces coupled currents on the passive elements and the connected microstrip lines. The far field of the array is constructed by the far fields of one active and two passive monopole elements.
In addition, as aforementioned, there will be several subarrays distributed around a 5G handset. If phased arrays are applied, each subarray are expected to have 4 elements in order to achieved the high gain (e.g. of over 7 dBi). The length of each phased subarray length will be about 1.5 wavelength. The same number of our proposed beam steerable arrays can be used as subarrays to replace these phased subarrays. The length 0018-926X (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TAP.2018.2854167, IEEE Transactions on Antennas and Propagation
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of each proposed array with the high gain is less than 0.81 wavelength, which is nearly half of the conventional phased array with 4 elements. One array for both receive and transmit is one of the scenarios for 5G handset antennas, where the proposed arrays can also work in the same way to the conventional phased subarrays. . Currently, a very optimal estimation of commercialized 3-bit phase shifter modules should have the insertion loss of over 6 dB at about 28 GHz. It should be noticed that the above comparison does not tend to claim switch modules are less lossy than phase shifter modules since the loss depends on lots of factors. Instead, we would like to claim that the proposed beam steerable array can utilize two 1P4T reflective switch modules (with the loss of 2.8 dB) to realize the similar number of states (or beams) compared with the conventional phased arrays with 3-Bit phase shifter modules (with the loss of over 6 dB) at 28 GHz.
C. Analysis of Switch Loss Impacts
In order to study the switch loss impact on the array performance, a 2.8 dB attenuator is applied for each of the passive monopoles in the simulations, as shown in Fig. 11 . In practical applications, the red circle areas in Fig. 11 (b) can be replaced by 1P4T reflective switches. The 1 input of each switch will be connected to each passive monopole. The 4 outputs can be connected to 4 short-circuited transmission lines (e.g. L2, L3, L4 and L5 in Fig. 2) , and the last reactive impedance can be realized by opening all the 4 outputs. Therefore, only 4 short-circuited transmission lines (for each switch) are required if 1P4T reflective switches are applied in practice. In addition, we believe the conclusions will be very similar to utilize a real switch or a 2.8 dB attenuator in this study, since the insertion loss between the input port and each output port is clearly given in the data sheets of the commercialized switch modules (e.g. [24] ). Indeed, there may also be some practical impacts if real switches are utilized, for example: 1. the mutual coupling between the short-circuited microstrip lines may change the port isolation of switches. This can be solved by using the short-circuited SIW transmission lines or shielded strip lines. 2. the real switch itself also has a physical length. This physical length may affects the length of each short-circuited transmission line. However, the operating principle is still the same. And the length of each short-circuited transmission line can be adjusted according to the detailed dimension and layout of the switches if we have these information. In the applications, at mm/cm-frequencies, the antennas, switches/phase shifters, and transmission lines are usually integrated into a module instead of being soldering together separately. During the integration, the geometrical information of switches will be available. As the first step, we would like to demonstrate our proposed idea (/concept) and operating principle in this paper. In the very near future, two switches, transmission lines and antennas will be integrated together into a commercialized module, which will be connected to mmWave RFICs. The realized gain of the proposed array in different states with lossy switches is provided in Fig. 12 . Comparing the gain in Fig. 12 with the one in Fig. 7 , the loss of the whole array system from two 2.8 dB-loss switches is 1.15-1.82 dB. It can be expected that if the conventional phased array with 3-Bit phase shifter modules the loss will be over 6 dB at 28 GHz. The reasons for the lower loss with the proposed array is that: 1. the short-circuited microstrip lines are connected to passive monopoles, and the currents on the passive monopoles are just part of the total currents. Fewer currents flowing on switches will lead to less loss; 2. The proposed array can utilize two 1P4T reflective switches with 2.8 dB loss to realize 7 beams or states instead of using 3-Bit phase shifter modules with over 6 dB loss at 28 GHz. Furthermore, it is also noticed that different states in Fig. 12 have different gain loss with the lossy switches. This is because the lossy switch is placed at different locations of the standing-wave currents of the short-circuited microstrip lines with different lengths. By utilizing this property, it is possible to make a tradeoff between the gain loss of different states.
IV. PARAMETRIC STUDIES
In the applications, several proposed arrays will be placed around a mobile terminal. It is important to know how different states are affected by the array dimensions and array location on the metal back cover.
A. Array Inter-Element Distance
The inter-element distance of the array should be less than the half wavelength. In this way, the passive monopoles can efficiently scatter the radiation patterns of the active monopole. The tendency of the gain variation with different element distances in State A and State D is very similar to that in State B and State C, respectively. Therefore, only realized gain of the State A and State D under different element distances are shown in Fig. 13 . With the element distance increasing from 3.25 mm to 3.75 mm, the gain of State A (or State B) is lower, while the gain of State D (or State C) is higher. A trade-off between the gain of State A and State D is noticed. 
B. Length and Width of Compact Array Dielectric Block
The PP dielectric block will also affect array performance. Similarly to Section IV-A, only the realized gain of the State A and State D are shown in Fig. 14 , with different lengths and widths of the PP block. In general, a shorter and narrower block will lead to the higher gain of State A (or State B), but will deteriorate the gain of State D (or State C). However, this tendency is not always well kept. For example, the gain of State D with 2.5 mm is better than that with 3 mm. This property can be utilized to slightly improve the array performance with a smaller array. Based on the parametric studies in Section IV A and B, during the design a tradeoff between the realized gain of different states can be made, so that different states will have similar gain within the target band. The proposed small beam-steerable arrays can be distributed around a handset, as shown in Fig. 15 (a) . In this way, user tissue blockage in 28 GHz bands can be combatted. In the studies above, the arrays are allocated at the center of two long chassis edges. It is necessary to know how the small array performance changes with the array-(short) edge distance (De). By varying De, the State C, State D, and State E seldom change. State A and State B have the similar tendency, while State F and State G also experience a similar trend. Hence, only the gain of State A and State G is investigated here. Fig. 16 shows the realized gain under different De (in Fig. 15 (b) ) for State A, and State G. The gain of State A for De= 26 mm (nearly the worst case) is around 1.4 dB lower than that for De= 0 mm (in Fig. 7) . As the array moves in the +x direction (see Fig. 2 This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TAP.2018.2854167, IEEE Transactions on Antennas and Propagation
C. Location of the Compact Array on Mobile Chassis
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kept more or less the same except for the position of De=28 mm where the gain drop occurs. The reason for this gain drop is mainly due to surface current (or wave) superposition [12] . At some locations, the surface currents in the -x direction are out of phase with those reflected by end of the long edge in the +x direction. Indeed, we can also choose some locations satisfying the in-phase superposition to optimize the gain. Finally, it should be emphasized that the proposed antenna can always realize beam steering when placed at different locations around the chassis edge. Depending on the array locations, the realized gain in some states may decreases less than 1.5 dBi (in the worst case of De= 26 mm) compared to the gain with the array on the center of the long chassis edge. This variation is still within the acceptable range. The tendancies are still consistant in the different states.
The small arrays for De=48 mm are illustrated in Fig. 15 (b) , which is a most likely location for applications. The total scan pattern and coverage efficiency of the array, in this case, are calculated and shown in Fig. 8 (c) and Fig. 9 , respectively. It is noticed that the arrays for De= 48 mm and on the center of the long edge have very similar coverage performance, which is a desired feature. The design introduced in Fig. 2 is very convenient to be integrated as one package or module that includes the antenna array, short-circuited transmission lines, and switches. If a planar array is required, the proposed method can also be utilized. Strong surface currents (for high gain realization) can also be excited by some planar antennas, such as planar monopoles (placed at the edge of a metal chassis), slot antennas [12] , and so on. If slots are applied, it is recommended to bend a slot from the straight to the U-shape, so that the beam width of each slot antenna in horizontal plane can be broader. Due to the page length limitation, the design with slot antennas will not be discussed here. In this section, as one design example, we will use planar monopoles. The design is shown in Fig. 17 . The active element and parasitic elements are planar monopoles integrated to the metal back cover of a full-screen phone. The dielectric substrate and frame in Fig. 17 (a) is 0.5 mm thick and made of Rogers 5880 with the permittivity of 2.2. In [23] , the metal ground plane for the full screen (see Fig. 17 (b) ) has served as one part of a back cavity to design an endfire array. In order to make the antenna radiate only in the back cover direction, the metal ground plane for the full screen is used as a reflector in this paper, which is 3 mm away from monopoles. The active element is fed by a strip line and the parasitic elements are connected to short-circuited strip lines. To simplify the model, the lengths of two short-circuited strip lines are set as Ls1 and Ls2, respectively.
V. PLANAR ARRAY DESIGN WITH PARASITIC ELEMENTS
The planar array covers the band of 26-28 GHz with the reflective coefficient of better than -10 dB in different states. The simulated 3D radiation patterns of the planar array in different states are given in Fig. 18 at 27 GHz. Please note there are 5 states in total to cover the 180 o scan angle. Since the radiation patterns are symmetrical, only 3 states are shown Fig.  18 . The realized gain for different states within 26-28 GHz is from 7 dBi to 9.3 dBi, which is good enough for the application of 5G mobile terminals.
VI. EXPERIMENTS AND DISCUSSIONS
The proposed beam-steerable array with parasitic elements has been fabricated. The prototypes of the antenna in different states are shown in Fig. 19 (a) . The compact array dimensions are observed clearly. The antennas are fed by MMPX connectors. In all the measurements, a transition cable from an MMPX connector to a K connector (which is compatible with an SMA connector) is applied. The loss of MMPX connector and transition cable is about 2.2 dB in total, which has been excluded from all the measured data. Please note that the prototypes here are mainly used to verify the simulations instead of showing the final realistic scenario. Real switches are not used in the prototype, because it is very challenging to control the accuracy when soldering the switch with each microstrip lines manually. The lengths of 5 short-circuited microstrip lines are L1=2.6 mm, L2=2.3 mm, L3=1.8 mm, L4=1.3 mm, L5=0.7 mm, respectively. The differences are small and manually soldering may change the length of the microstrip lines. As mentioned above, at mm/cm-frequencies, the antennas, switches, and transmission lines will be integrated into a module in the near future, so that the accuracy can be well controlled in practical applications. The S parameters of the prototypes are measured and given in Fig. 20 . The array can still cover the target band of 28 GHz to 29 GHz with the specification of -10 dB. Compared with the results in Fig. 4 , the measured S parameters slightly shift to higher frequencies, but still align well with the simulations.
The radiation patterns of the proposed arrays are measured in an anechoic chamber, where the measurement setups are illustrated in Fig. 19 (b) . A standard horn antenna for the gain calibration has been utilized before the measurements. Fig. 19 (b) ), the blue transition cable and pink metal platform in Fig. 19 (b) have very limited impacts on the measured results. The comparisons between the simulated and measured 3-D radiation gain patterns at 28.5 GHz are shown in Fig. 21 . In general, the measurements are very similar to the simulations, but the measured data are a little noisier. The realized gain in different states is also measured and presented in Fig. 22 . The gain is high in different states. Similar to the S parameters, the measured gain also shift slightly to higher frequencies. In addition, the measured gain is around 0.5 dB higher than the simulations, which may be due to the accuracy of the measurement setups. The total scan pattern and coverage efficiency are also obtained based on the measured 3-D radiation patterns. They are shown in Fig. 8 (b) and Fig. 9 , respectively. As expected, the total scan pattern with the measured data is similar to that with the simulated. The coverage efficiency with the measurements agrees well with the simulated with threshold gain higher than 3 dBi. Between the threshold gain of -1 dBi to 3 dBi, the measured result is higher than the simulated due to the nosier measured radiation patterns.
VII. CONCLUSIONS
In this paper, a compact beam-steerable antenna array has been designed for 5G mobile terminals at 28 GHz. Two passive parasitic elements have been applied, which are loaded by short-circuited transmission lines of different lengths. By switching among different short-circuited transmission lines, the radiation pattern of one active element has been scattered to different directions. The impacts of switch loss have been analyzed. Two switches with 2.8 dB loss causes less than 1.82 dB loss for the whole array. The length of the whole array is less than 0. 
